IT has recently been reported by Knapp and Coward [1934] that cacao shell, an important by-product of chocolate manufacture, is rich in vitamin D. The sample examined by them contained 28 International Units (i.u.) Estimation of the vitamin D potency of the cacao shell used in feeding experiments. As a preliminary to the experiment proper the vitamin D content of the sample of cacao shell used in the cow feeding experiments was estimated in curative and protective experiments on rats. The cacao shell was part of a halfton sample of the commercial product sent to us by Messrs Cadbury Bros., Ltd. This was a carefully taken sample representative of a bulk of 3467 cwt. of shell.
have been carried out at this Institute in collaboration with Mr A. W. Knapp and Mr A. Churchman of Messrs Cadbury Bros., Ltd., of Bournville and it is proposed to present here the results of vitamin D assays carried out on butters from cows which received cacao shell in their rations and on butters from control animals.
EXPERIMENTAL.
Estimation of the vitamin D potency of the cacao shell used in feeding experiments. As a preliminary to the experiment proper the vitamin D content of the sample of cacao shell used in the cow feeding experiments was estimated in curative and protective experiments on rats. The cacao shell was part of a halfton sample of the commercial product sent to us by Messrs Cadbury Bros., Ltd. This was a carefully taken sample representative of a bulk of 3467 cwt. of shell.
For the rat tests the shell was ground to a fine powder.
(a) Curative test. Young rats were weaned when weighing about 60 g. and were placed on the 2965 diet of Steenbock for from 3 to 31 weeks until definitely rachitic. They were then given in one single dose at the beginning of the 10-day test either cacao shell or the international standard for vitamin D (V.D. 9). Of the latter, two levels, 2 and 5 units, were given. The corresponding levels of cacao shell were calculated on the basis of the value given by Knapp and Coward [1934] (b) Protective test. In this test the vitamin D contents of cacao shell and of cacao shell fat were measured in terms of the international standard for vitamin D. Young rats were weaned when weighing about 60 g. and were placed on the 2965 diet of Steenbock. The various addenda were given from the start daily for 5 weeks with the exception of Sundays. Finely ground cacao shell was diluted 10 times with icing sugar and given at 2 levels of intake, namely 6-7 mg. and 13-4 mg. daily (equivalent to 0-187 and 0-375 I.u. respectively on the assumption that 1 g. of cacao shell contains 28 units).
A sample of cacao shell fat extracted in the laboratory of Messrs Cadbury was also tested. Two levels, 0-62 mg. and 1-24 mg. were fed dissolved in olive oil. The cacao shell contained, according to an analysis carried out by Messrs Cadbury, 4-6 % fat. On this basis and assuming that the whole of the antirachitic potency of cacao shell is present in the fat the above levels were equivalent to 0-375 and 0-75 I.u. of vitamin D. The international standard for vitamin D (V.D. 9) was fed at a single level of 0-41 unit. In addition one group of rats was given no supplement to the rachitogenic diet and served as negative control.
At the end of 5 weeks the rats were killed by coal gas, their femora and humeri after cleaning were defatted by extraction with several changes of alcohol for 72 hours in a Soxhlet extractor, dried and ashed at 7000 in an electric furnace. For each rat a duplicate determination on one femur and humerus was carried out (Table H) . Gain in ash / = 26-33 + 16-6 log dose (i.u.) [Kon] . Calculations similar to those described above in the case of curative tests show that the ratio of gains in ash percentage given by the 6-7 mg. level of cacao shell and the standard is equivalent to a dose ratio of 44 and that 6-7 mg. of cacao shell contain 0-205 i.u. and 1 g. of cacao shell=31 I.u. of vitamin D.
For the higher level of cacao shell the ratio of doses works out at 0-48 and 13-4 mg. of cacao shell contain 0-45 i.u. From this 1 g. of cacao shell contains 34 i.u.
Taking an average of the two figures, a value of 32-5 I.u. of vitamin D per g. of cacao shell is obtained from protective tests and as the average of the curative tests worked out at 38 units, a value of 35 I.u. of vitamin D per g. of cacao shell may be accepted as the result of all the tests carried out in this Institute. We have been informed by Messrs Cadbury that a sample of the same consignment of cacao shell as sent to this Institute was submitted to Dr K. H. Coward at the laboratories of the Pharmaceutical Society of Great Britainand that she reported for it a value of 28 I.u. of vitamin D per g., identicalwith that previously published by Knapp and Coward [1934] . Our value is slightly higher than that obtained by Dr Coward but, in view of the small number of animals used by us, the agreement is very satisfactory. The agreement is not very good but differences of this magnitude are to be expected when relatively small numbers of animals are used. By averaging the above two values a figure of 307 i.u. per g. of cacao shell fat is obtained. This is about three times the vitamin D content of an average cod-liver oil. From this value and from the fat content of cacao shell it may be calculated that the extractable fat carries about 40 % of the total activity of cacao shell.
The feeding of cacao shell to cows and the estimation of its effect on the vitamin D content of butter (milk). The feeding of the cacao shell was carried out during the winter stall feeding period of 1935. Four Shorthorn cows were used for this experiment. They were kept in the same cow-byre and were not allowed out to grass. From January 8th, 1935, all four cows received the following mixture of concentrates: 3 parts dried grains, 2 parts maize germ cake, 1 part soya bean meal. In addition each cow was given daily: 2 lb. of hominy chop, 7 lb. of hay, 45 lb. of mangels. The cows were kept on this ration till February 8th, 1935. The milks yielded by each cow between the evening milking on February 5th and the morning milking on February 8th (both dates inclusive) were separated and butters were churned from the unpasteurised and unripened creams. The butters were melted at 500, filtered and the butter fats stored at -2°until required for tests.
On February 8th two cows were given -lb. of cacao shell, this was increased to 1 lb. on February 9th, 12 lb. on February 12th and on February 13th to 2 lb., fed invariably in the coarse flaky form in which it occurs in commerce. The feeding of cacao shell was continued at this level until March 17th. The cacao shell was taken into consideration when calculating the amount of concentrates fed daily to each cow according to her milk yield as is usual in our dairy herd. The remaining two cows were kept on the original ration throughout the experiment. Butters were churned again as described above from milks collected between the evening milking on March 10th and the morning milking on March 13th (both dates inclusive), that is after the experimental cows had received 21b. of cacao shell daily for 4 weeks. In this way eight samples of butter fat were obtained. Aliquots of each two samplesrepresenting one treatmentwere then pooled, the blending being done on the basis of the fat yields of the cows. The four samples so obtained, representing the four treatments (control cows-pre-experimental and experimental periods, "cacao shell cows "-pre-experimental and experimental periods), were then tested in protective experiments on rats at one level of intake, 0 3 g. of butter fat per rat per day (with the exception of Sundays), and compared with three levels of the international standard for vitamin D with the following results. The gains in percentage of ash over negative controls were as follows: For the calculation of the ratio of dosages the response given by 0-05 unit of standard was used for the low potency butters whilst that given by 0-2 unit of standard was used for the experimental " cacao shell" butter. The calculations were carried out in the same way as described in the earlier part of this paper and the following values were obtained: 
